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: 1
Synthesis of Fluorinated Acetylenes

Kurt Baum* Clifford D. Bedford and Ronald J. liunadi

Fluorochem, Inc., Azusa, California 91702

Abstract

New routes to fluorinated acetylenes were developed based on additions

of iodofluorocarbons to silylacetylenes. Free radical addition of oco-diiodo-

perfluoroalkanes to trimethylsilylacetylene gave the iodotrimethylsilylolefins,

Me3SiIC=CZ( 2 )nCH=CISiMe3 , which reacted with potassium t-butoxide or DBU to

give the trimethylsilylacetylenes, and, with an excess of the base, the free

diacetylenes. Perfluoroalkyl iodides similarly gave perfluoroalkyl acetylenes.

The addition of perfluoroheptyl iodide to phenylacetylene, followed by treat-

ment with potassium t-butoxide gave l-phenylperfluorononyne. The peroxide ca-

talyzed reaction of perfluoroalkyl iodides and bis(trimethylsilyl)acetylene

gave 1:1 adducts, RF(Me2SiCH21)C=(iSiMe3, resulting from intramolecular hydro-

gen abstraction by the initially formed vinyl radical. However, the thermal

reaction of perfluoroalkyl iodides and diiodides with bis(trimethylsilyl)acety-

lene in the presence of free iodine gave the trimethylsilylacetylenes, which

were desilylated with potassium fluoride. A route to diacetylenes was inves-

tigated based on addition of perfluoroiodo compounds to ethylene, dehydroiodi-

nation, brominations and eliminations.

w..



Although perfiuoroalkyl-substituted primary acetylenes nave been known 'U

for three decades, pcrfluoroalkylene diacetylenes, 1iC=C(CF2 )nC-=, have not
2,3

been reported. Raszeldine originally prepared 3,3,3-trifluoropropyne by

the addition of trifluoromethy] iodide to acetylene (70-80%) followed by de-

hydrohalogerAtion (750%). Perfluoroethylacetylene was prepared similarly.
5

lence and Nager developed a hi,,;n yield multistep roate to 3,3, 3-trifluoro-

propyne that avoided the use of acetylene under pressure; bromination of 3,3,3-

trlfluoroprpene was followed by dehydrohalogenation, another brominat ion, de-6
hydrohalogenation and dehalogenation (Scheme 1). More recently, this approach

us used to prepare the perfluorobutyl, perfluorohexyl and perfluorooctyl

analogs.

Scheme 1

Br 2  KOH
CF3CH-C 2  CF3IBrCH2Br ---- 3 CF 3 CIBrzCH23 ~2 3 33 B~i

r 2  KO Zn
- CF 3 r 2C2 2 Br ---- CF3 CBr= iBr -- > CF3CEi

Using ,swod4iodoperfluoroalkanes as starting materials, available from
7

the telomeritation of tetrafluoroethylene with iodine, we approached the syn-

thesis of c.,judlacetylenes using Benne's sequence (Scheme 2). Reactions of

ethylene with 1, -dliodoperfluorobutane and 1, 6 -diiodoperfluorohexane,

fOUOwd b dah7drOhalogenations, have been reported to give the corresp ndif8
iW#-diolefiUs. aBrMLne adducts of these olefins were obtained

2



in 714-91% yield. The reaction of 3,3,1+,4 ,5,5, 6 , 6 -octafluoro-1,2,7,f&t, trabro-

mooctane with potassium hydroxide iii methanol gave 2,7-dibromo-3,3,4,4,5,5,6,6.

octafluoro-1,7-octadivne. Arnot:,;er brozaination foil-owed by reaction with metha-

Scemne 2

'(F2n'+ (:1 2IC232C>)a..~2

KOH ir

a"CH=Ci( 2n-='2 BrH 2 UiBr(F)yJ{T:rCH1P h

Br2  KOH
-4 BrH 2CMr,-( CF2-) 4'CBa,Br - r~ ir ~' 1 C3 ~~

nolic potassium hydroxide gave a complex product i.,, h::ijor co!-Pnri nt of -which

was isolated by GC and identified as the desired l,2,7,6-tetrabromo-3,3,t4,4,5,

5, 6 ,6 -octafluoro-l,7I-oy-tadien . Although rnoderat-ly ;ood yi.. wcr , Lained

for each step of thc' nequence, overair yieldr were joor. fIcnrtefurc, this, ap-

proach to diacetylees. was abandoned.

Trimthyluilylacetylene Additions. The trirnetbylsilyl group is a con-

venient blocking Croup for tit! synthesis of acetylenes. The synthxesis of~

arylacetylenes has recently b'?'en -reported using, a raladium-c,.talyzed coupling

of aromtic halides with trimethylsilylacetyilene, followed by desilylation of

the resulting arylavetylene derivatives with nucleophlen. 9, 10

Wie undertook the synthesis of fluorocarbon acetylenes by the frct. radi-

cal addition of iodof'Iuorocabns to trimeth ilyh.,L vtylen.



T1 reatment of l#,6-d±o.,%per'1uor.'iiexune with an exces,; o" triIai0thylj~j ylacety-

lene in the presence of' di-t-buLyl Ieroxide at 12001, for 85 i, ;-:avt a 9L{, yield

of the diadduct, 3,,l~~5*,o.,'.88ddcfuoo-,0did-,0bstiehli

1,9-decadiene. With a reaction time of 47 h, a 73% yield was obtained of' the

corresponding product in which~ *on1 one iodine of t:le l, 6)-&iiOdolterflucrohexane

vas Involved. A mixture of,' , -diiodoperfluorooctano, l,lO-.uiiockperfluorode.

cane and 1,l2-diiodoperf luoroc de cane, readily obtained from the iodin-!-tetra-

flaoroethylone reaction, gave a 95% yield of the diadducts. Lower diiodides,

bowever, did not readily give diadducts. Thus l,4-diiodoperfluorobutane gave

* a complex mixture containing 3315 of the monoadduct and 22Lo Cf the diadduct,

based on GC analysis. Only the monoadduct iwas isolated from 1,2-di-

iodoperfluoroethane. A monofunctional starting imwterial, perfluorobeptyl

Iodide, Save a 92% yield of' 3 ,3., 1 4,5,5, 6 , 6 ,7,7, 8 ,8 ,9,9,9-petdecafluoro-l-

iodo-l-(trImethylsilyl )nonene.

I(CF.)n + uC--CSIMe3  (K-3)C(2(T)M=C(ic3

n = 6, 8, l0, 12,-

*'3(C'2)6I + 11CS"L-e ------b'.3 C('i1e3

These trimethyvilyl iu~to olefins were obtuinr-d aLL ,,,jjxt Ure :.,^ h and 7.

isomers, separable by GC. Isory-r assignments were based on NMR coniarison

with the hydrocarbon analogs. The vinyl proton of' i)1id--tie~y.

silyihexene appears at S7. 1 (t, JH. 8Hz) and that of the (z) Isomer, at 6. l

(tt JiM - 6 Nz).The rezpectivc values for the fluorinated compounds areS7.1

(t, HF -).6E)an . J 1  10-13 RZ). The uilyl methyls for the (3) a-

sere appear as triplets whereas those of the (z)-isomw-esupear as singlets.



The ocL-CF2 groups of ti~e (E-ioomers appear at ~)IAY-109 and thosQ of tkie

(Z)-isomers, at 111-113 PPM.

~1 Dehydroiodination of there 1-iodo-l-(triinethylsily1)olefins was quite

sensitive to the typTAs of basic reagents that were emoiloyed. The re-ac-

:~ tion of (Ms)I= ~6CH=JI(Si14 3 ) with methanolic pota.;:Uun hydroxide at

4 room temperature Gave a 56 .5%~ yield of iICL1i(CF2 )6 11-CtI and attenpts to

V dehydroiodinate this olefin %~ex- unsuccessful. The nost satisfactory rea-ents

to effect elimination to the nilyl acetylene were potassitra t-butoxide in

methylene chloride at -20 0 C andI DBU in'tetrahydrofur-ui at - ?5 C. An excess

of the reagents gave the free ac.etylene under the sIecoritiono, or 1)otas-

sium fluoride could be used f,,, the desilylatior.. The fori:,,:r reagecnt ,:uve a

32.5% yield of HC= (C ") 6 C=-. frn thie iodo silyl olefin, tui% the latter, 45

to 72%. The analo~guui; dode cadi yn,_, tetradecadiyne and hCxn(' e!diYne, were pre-

pared from the mixtiure of the loudo silyl olefins dec';eribed a't.ove, and penta-

decafluorononyne wa~s. ;repareal si 'rdiarly.

(M3')CCHC2na~--('M3 - 3k'CSiCC 2 )nC=ii;;i."
or

IJBU/ t1IF

- Cn-C(CF')n~C nc = 6, 8, 10, 12

CF 3 ( C2 ) 6 =CH '(SiW-3 ) - ~ CF3 (CF2 )6 Ca3li

Another terminal acetyir ne that underwent freo radical addition of an

lodofluorocarbon waru nc~ ~re An adduct with perfluorokheptyl iodide

was obtained in 89% yield, an'! Ito reaction 'witn pol.assium t-batoxide in

metbylene chloride igav, -1 7tr . i eld of the aco'tvljcnc. Several adducts of

12fluorocarbon iodides with aliphaitic acetylenes have been reported recently.

5i



t-Bu-0-O-t.Bu KO-t-Bu
C6 HCaC I(cF2 )6CF3  1 2%HI0oCC0 (CF9 6 C73 ---_> 9HC i-c(7 2)6C?3

Bia(trimethylsilyl)acetyiene Additions. In the formtion of acetylene2s

from the adducts of fluorinated iodides with trimetylsilylacetyiene, teIc

ability of iodine to 2unction as a leaving group iL; evidently enhanced by the

adjacent silyl group. Accordingly, adducts of bis(trimethylsiiyl)acetylene

would be expected to provide acetylenes readily.

lodofluorocarbons were found to react with bis(triuethylsilyl)acetylene

at 120°C, in the presence of di-t-butyl peroxide, to rive high yields (if pro-

ducts that were shown to be 1:1 adLucts by elemental arailyzis. Adducts were

obtained from 1,6-diiodoperfluorohexane, perfluoroiopyl iodide and !erfluoro-

heptyl iodide in 75 654 yield. The NMR spectra, howte ver 3howed an olefinic

hydrogen, and two silyl hydr_ .ns shifted toEv.os-C.i. Lvidenuly, f-ee ra-

dical hydrogen transf.r took ;htace, as shown in !,oicu 3.

Generally in free radical catalyzed iodide dditionn, a raAcal derived

from the catalyst abstracts an iodine atom from the alkyl io,1ide and the re-

sulting free radical adds to the unsaturated substrate. The new radical thus

formed would normally abstract an iodine atom from the starting ixtterlal to

propagate the chain mechanism. In this case, however, the trimethylsilyl

hydrogens are favorably situated for intramolecular hydrogen abstruction to

give a silylmothylene radical. Abstraction of iodine from the startirg wate-

rial gives the observed product and regenerates a fluorocarbon radical. ntra-

molecular hydrogen abstractions of this type are well known in other

systems. 13

6
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It was rcasonc,: that thi,. intramolccular hyuro ,en trairfer ri,-t be

averted if a better source of iodine radicals %w,:rc avarilabic:- to trap h

initially formed vinyl radicals. The desired reaction took nlace ir, ti~a rre-

sence of a catalytic amiount, of elemental iodine at '20 0 C. Under tt-codi

tions, l,8-diiodojpe-.'uorooct~u.t eav e an W6% yieid of l,IP-bi5(tri~~ ~

perfuorol, l-docet~iyn. 7>isthe initial :aJiK,-Ct sponta!.c-,,u,-l. li

ted trinetbylsilyl io-iidt: to ;L e te silylatel aw* tylcnc-

(C28 + Me3 siC-tc -j! 3  3.~ j3 11)cc.i; 3 (
-- > SiMe 3  + c3 iC(-)CQic:

Monofunctional perf.1uurualkyl iodide s reactcdiin an;I iicty' i~~r

fluorononyne 'was isolated in C& /fe yield from -,erI'luowj t ptyl :odie, cra

1-trimethylsilylperiuoroot-'r, - tirciyliyp K t,*rcn anil 1-tri-

methblsilylporfluorc 0 )Iecyn2 'cz x obtainedl fro:,- : cv r Iq ixture C. er

fluoroalkyl iodides.

potassium fluoride d i!ydratc t.r*ivc a Y! yiciA t) the frcu ~ctin

tassium carbonate in -.Cthano3 * the desily3ation r-a, -%ft of o oce- for -r.,yl-
10

sily'Lacetylenes, could not to used becitwtLe of the ;uetiilyof tli- fluorina-

ted acetylenes to nucleophili, additions. T~.I(riei:I-~ Iu~2.oo

nonyne anid methanol- potassiu!,-- carbonate at rooza t,-,,iperatur2- 7ve a 7%yield,

of 1lditox-,,,l,5 , ,,,,,,,-nL1'a'urroacand an

11% yield of the 1-rmethoxynone--nc. The reactien of' trifluuprojynQ ;ito so-

diumi alkoxides to ~;.3,3,3 t,1iluoro-l-a1l o,\ypro-- :'ir- La:. bcot 1



PC. C('I8aS''t c

1FCAm~iMe 3  2U 5 FH 2 IIO~ + RF izaObl

Reactions of lower diioc) s with bis (trirnetiyls 1lacty1n w, re com-

plicated by the for,-rtion of :!y,:l ic productr, by th-o invul--%io.n4, uf "both iocin?

functions with the can,! acet- -cre mzoecule. The 1, 4 -dilodaperfluorolbutane

gave an 81% yield of' a product ith elemental. analycis- consistent witii 1---odo-

2- (trimethylsiJly2)perfluorocyclohexene, or its isoner, iodo(trimetihylsily].)-

methylenecyclopentane.

I Si H-

CC C

I(C 2)I .. MeSiCd~~e - C(F2  CF, or CF, _F

CF,)CF-

The corresponc;in.; cycle EiJduct, as well as ,I-bs(rtlyiylp-

fluoro-l,9-decadiyn,, was obt,,,ncd from l,-iooefurb2ae i~ratio of

these products was P- fuxiction. u&' the ariount of bturrmtbllllactI'n

The ratio of acetylc.mic prodtu,.t to cyclic olef in varie d fron. 0.3 for c '!aolar

amtounts of the startin, -rater:.-. Is to 7.5 for a fOUr.!ojLc excf'S:; of'bs'iehl

e ilyl) acetylene. AL; -is the 'tCfor the above exa~i-plc', the n;pectrui1. *,vJd!cnce does

not clearly differcr.t.11ate hr ,~ithe exocyclic and" erkiocyci Ic olefiin:rcuc

for the cyclic add~ct..

Thus, perfluoroallkyl acetylenos as weil as x,,.-perfluoroaikylenQ diacety-

lenes are available f'rom iodci''Iuorocarbon rcactioiir; with tri;;rAtl.ylsilylacctylene

and with biB (trioethylsi~ll ) a~city] ere. Trime ri zat-Ion and jul yinri z:-t I n rtu liez

with these acetylencw zill bc recported elsewhere.



tI'erimental Section

A Varlan 920 chromatograi~h with a 10 ft x 3/8 in. colin of iVo CcF-1 on

acid-washed Chromosorb W was used for both analytical and preparative gas chro-

Itography. IQ4R spectra were obtained with a Varian T-60 spectrometer, and In

spectra, with a Perkin-Elmer 700 spectrometer.

3,3, 1 4,,, 5,6,6-Cctaflu,-_o- uiodootane. Ethylene (0.050 reol) was

condensed at -.1300 C (n-pentan, liquid nitrogen bath) into a 75 mL !Monel cylin-

Sder conitaining 11.4 g (0.U25 :..i) of l,4-iiiodoperIuorobut,,Lw and G.2 aL of

dibutyl peroxide. The cylinder was sealed and heated for 22 h at 13 0°C.

The product was extracted with two 50 mL portions of rcthylenc chlorid , ard

the solution was wa scd with t-o 25 mL portions of (:.1' N scdiu::, thiosuifate

and dried over .uynesium siolfate. Remcl*al of th.i olv -it 1ave 1,0.4 j,.

* (8%) of white solid. An analytical sample was rccrybtall zcd from Methanol:

mp 89-910C; 'H N~M (J_1' 3 )' 2.4, (i, 3 H, OW , 3.]6 (in, It 1, Cil); I F

(CDI 3) a 118.0 (t, 1; F, J= 11.3 liz, CF2,), 126.0 ppm (t, 34 ., J411.3 I!-, IF2).

Anal. Caled for C8H 8F81.-: C, 18.84; H, 1.56; Found: -, .70; 1i, 1.65.

S,3Th,,5,5,6,'7,7,8, S- ')deeafluoro-l,1lOdiiododecane. 'Me above pro-

cedure using 1,6 diiodoperfluorohexane gave a 76 yield of whitc solid, mp 69-71°C:
' 19

'H NMB (CDC1 3 )- 2.60 (in, 4 H1, 'i 2 ) , 3.16 (m, 4 H, c1 2 ); F wi (CDC 3 ) 0

*116.14 (mn, 14 F, CF-), 1214.8 (mn, 4 F, CF,), 123.2 ppm (in, 14 F, ',).~
;_ji, 5,5,_6. 6 -Octaf'luoro-_,7-octadiene. A solution of 20 g (0.039 reel)

of 3,3, 4 4,p5.,5,6 ,6 -octafluoro-I,8-diiodooctane and 34.5 9 of ],otassium hydroxide

in 15 mL of ethylene glycol wits heated with stirrint at 1 400 C. The product,

7.25 9 (73%) of colorless oil, bp 8--87O, distilled from th reaction mixture

as it was formed. An analytical sample was isol.ated by G;: 'T NI (CDCi

5.6-5.9 (m, 6 H, m2,=Ck); 1F N14R (CDO 3 ) 0 115.7 (n, 4 ., C'-), 3234.8 F[P

(t, 4 F, J=11.3 Hz, CF2 ).

10



Ansl. (hled for CPj8(F: 2-, 37.81; 11, 2.38; 7.xzund: ,37.55; Hi, 2.20.

j6 3)17.7,8 5,&,6 9 7, eca-fuoro-19ecdiee. The above procedure

using 1,10-diiodo-3,3,414,95,5p,6,797,8,8-dodL.cairluorodecane- gave an &4yield

of 3,3, 4 , 1 ,5,5, 6 , 6 ,7,7,8,83-doLcafli-loro-l,9.decadienf , bp 135-1370% MM:

(CI 19k,(C3)S 5-5-5.8 (mn, u 1 {-?i; F NM (CPCl) C 116.8 (in, 14 , F )

126.14 (in, 4 F, CF2)' ,2. , 4 F, C'2)-

Anal. (C.1cd for C101ohiFL: c , 33.92; 11, 1.711; Found: C, 33.66; ii, 1.Eo.

3,3 4 ,1 5,E,-Ota -uro,2,7,tetrabromooctane. A solution of 6.0 g

(0.23mo) o 33,,~5,5,6 ,,6-octa'luoro-1,7ocacrerd 2.56 !ru (0.046 mol)

of bromine in 10 mL of chloroforri was irradiated with a Par lam'1p for I h.

Methylene chloride (L".- aiL) wan, added and the solution -is wa..r.ed with two 10 niL

* portions of 1 Ni soditwm thiosu1 xate and dried over r-nci ,r ulfate. FNr.rvL1

of solvent under vacuuma gave :K.05 i- (714%) of a whitt, ;,, .crystxl lizat ion

from met-"hanol afforded an ana-Lytic~tl sample2, 12P 32- 314 C: 'hi RM (CDCI,)b 3.72

(mn, 14 H, C11Br) , 4.24 (-n, ., 1j, :Enr) ; 19F ?R ((.T(:] o 1114 ." (13, ?1 F, C 2 )

121.6 ppin (mn, 4 F, Ct ).

Anal. Calcd for C83 U6 61 4 : c, 16.75- 11, 1.C)5; Dr, 55.71- Found: C

16.76; it, 0.99: Br, 5',.4o.

3.3, 4 , 4 ,5,5,6.6,Yi,7, 8 , 2 -J),-decafluoro 1,C',9,10 tetrabromo-l~ecane. Proni-

nation of 3,3, 4 , 4 ,5,5,b),6,7,7,d,8-dodecafluoro-1,9 docadivmc! by thc' above meth-

od gave a 915 yield of the sol A prodiact,mp 43-145oc: 'H NMT (CD'C 3) S$3.59 (,n,

4 11, CH2B); 4.20 (m, L2 11, CHBi-); mI- 14 (MCi 3 ) !.14.8 (ml. 4 Y. UC..,

121.7 (mn, 4 F, cr :' 14.4 ppri ':n, 14 F, CF'2

Anal. Caled for C1 J 6 1  '~:C, 17.83; 11, 0.90, Found: C, 181.02; H,

0. 95.

£L~jrono3~.4,5,5, .6 octafluoro 1,7.octidienu. A E;.olution of

1.5 c of potassium hydroxide !-:'1 7.0 9 (0.01"' :noi) of 3,3, 4
1 "V~r,5,0 1 6-octa-



fluoro-1,2,7,8-tetrbromooctane in 15 mL of methanol was heated with stirring

for I h at 600 C. The product as diluted with 50 mL of methylene chloride,

washed with 2-50 mL portions of a uter, dried over sodium sulfate and stripped

of solvent under vacuum to giv 3.8 C (7%) of a colorless ofl. An analytical
-H

sample was Isolated by GC: 'M N113 (CDC1 3)56.16 ( 1, J,.H= 3.0 17z, C )

6.42 (d, 2 H, J = , C. ); F ( DdC) 0 .iO. (t, 4 F, J F= 11.3

14z, CF2) , 122.0 ppm (t, 4 F, J F 11.3 Hz, CF,).

Anal. Caled for C8H4F8 1r: C, 23.33; 11, 0.98; Found: C, 23.6,; i, 0.91.

, A8-Tetrabrozo-3,, 4,5,5,S66-octafluoro-1,7-octaiin,. A solution

of 2.4 g (0.0058 mol) of 2,7-dibromo-3,3,4 ,4 ,5,5,6,6-octaftiuoro-l,7.octadiene

and 1.86 g (o.0106 mol) of bromine in 15 mL of chloroform was irradiated with

a Par lamp for 1 h. The mixture was diluted with 20 mL of nethylene chloride,

washed with 2-10 mL portions of 1 N sodium thiosulfate, dried over magnesium

sulfate and strIpped of solvent under vacuum to give 2.9 C of white solid.

This solid was stirred for 1 h1 with a solution of 0.5 S of potassium hydroxide

in 15 mL of methanol. The uzidxture was added to 25 mL of water and the product

extracted with 35 ,iL of methylene chloride. The utethylene chloride soll-

tion was washed with 50 mL of vater, and dried. Slolvent vn, re-moved to give 1.2 g

of an oil. GC sho,4ed a complx ; ixture from whicn ti- nJor r A.vnont : trLppcd an

identified as 1,2,7, 8 -tetrabromo-3,3,4, 4 ,5,5, 6 , 6 -octafluoro-l,7-.2-t !i.ocne :19
'H NMR (MC1 3 )67.i45 ppm (br s. (M); F NMR (CDC3 ) 0 l0o.0 (t, 4 F,

O), 121.2 ppm (t, b F, C'2)'

Anal. Calcd for CSH2 Ff3Rr4: C, 16.87; H, 0.35. Found: C, 17.09; H, 0.50.
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3, %414, 5, 56r, 6,7meth,.7-

silyl)-l,9-decadiene. A mixture of 3.3 6 (6.0 maol) o, 1,6-oiiudop, rfluoro..

hexame, 1.5 g of triethylsilyla(aetylene and 0.5 mL of di-t..li:tyl peroxidu

'was heated in u sealcd ;lass tulh: under nitrogen fur 65 brs at LU0 . 'n.- pro-

duet was dissolved in 9:) mL of !.cthylene chlo-ide, dried ever fnciun ulat:
I

and stripped of eolvent uider vs-cuun to Cjvc .2 : (Srj) of the tltle co.a-vound

as a mixture of E/E, Z/Z and E/, isomers, an-alyticaLly pure without further

treatment: proton NMR CD1 3 7.:3 (t, JB,= 15 Hz, =C1I-, E itomers), J6.60

. (t, Jzm 13 Riz, =CH-, Z Isomers) 0.35 (t, .Si, E isom.rs),

CSiZ isomers); F (in, (4MJi.L
3  

1U8.4,~- .

111.6 (m, =-H-F. 2 , Z isomers), 123.2 (m, CF., internal) and !l. 4 p:a.

-O3-CFp).

Anal. Calcd for CI6 h 0F; .I2 Si 2 : C, 25.61; I, 2.69; F, 30.39; I, 33.83.

Found: C, 25.52; HI, 2.60; F, .-".15; I, 33.67.

3,3,4,,5,6,6,7,j ,8,8 :cai1luoro-iJ-diodu 1-tri:tryisi yloctene.

WhWen a heating period -,f only h7 h at 1200 C wan used with t "! above r-,-.tants,

a 72 yield of the monoadduct v. obtained as a 70:30 :.Uxtur.: of L t=". - iso-

mers. The isomers ".,:x, rcar..,d by CC: ir:.owyir 'P N¢h (,; 3) 7.15 (t, 1 ,
I 19r

: ,. J~H, F= 14 Hz, CH), O.3" !-, t. ( -[ O13) 3 :('';al )  0 65.- t, '

CT IZi), 108.4 (q, 2v 1' .1:: .2 :n 2 F, C') :WH rc ' ), 4I.J p.)m

(i,2 F, CF).

Anal. Calcd for Cj11H1O,.41 : C, 20.26; H, .-55; F, '4.96; 1, 9.

Found: C, 20.25; H, 1.57; F, j4.'16; 1, 38.66.

Z-isomer 'H N (awC1 3 ;<6.70 (t, 1 Ti, JhF = 13 Uz, CH), 0.25 ipn (s, 9 H,

13



:4 19
CH3 F RM. (~CDi 3) 65.6 (t, 2 F, C721) 111.6 (q, 2 F, C'2)' 115.2 (mn,

2 F, Cr2), 122.8 (mn, 4 F, C'2)' 124.4. ppm (mn, 2 F, CF)

Ana". Calcd for CllHl F2128l C, 20.26; H, 1.55; F, 34.96; 1, 38.92.

Found: C, 20.21; H, 1.52; F, 34.69; 1, 38.85.

trizthylily1 -1,11-doclecadiene, 3,3,44 1.5,5,6 6?7 7 8z8'9j9' 0,1j91,1,12-

12-eicosafluoro-1, l4-diio4o-1, 14-bis(triiethylsilyl)-1, 13-tetradeadiene, and

3,314,1.55,66,77,88,,9,10,10,11,11,12,12,13.13,14, 14-tc- treicosafluoro-

1,16-diiod-1,16-bis(trinethylsilyl)-1,15-hexadecadiene. Treatment of' 16.35 9

(0.025 moles) of a mixture of 1,8-diiodoperfluorooctaac, 1,1O-ditodopl~rfluoro-

decane and 1, 12-di iodoperf luorodode cane with 5 g of~ trimethylsily~acetyiene

anad 2.5 uL of di-t-butyl peroxide by the above procedure yicAded, aftier 4.8 h1rs of

heating, 16.1 g (95%) of a mixture of the title compounds, as an equal ziixtare of

E and Z Isomrs: 'H N141 (CDC1 3)c 7.25 (t, 2 H, J11F =1.5 Hz, =CH, E isomer),

6.70 (t, 2 H, JR * 13 11z, --M, Z. isompr) 0.33 (t, 18 11, SWIl, E ivoiaer) and

0.27 ppm (8n, 18 H, Si(! 3  7. isotae-r); 19 VAR (CDC1 3  108.4 (mn, 4 F,

B-F2 ZIsomer) 111.6 (mn, 4 F, cICF2, Z isomer), 123.2 (mn, W. internal) and

124.2 ppm (ii, -M-CF,- 2

3,3,,4,55,6,, i'7,8, ,9 Ptdecafluoro--i 0otricthysil1)

nonene. A mixture of 3.0 9 (6.0 mnmoi) of perfluorolieptyl iodide, 0.60 (6.0

iol) of trimethylsilylacetylene and 0.5 mL of c]-t-butyl pe-roxide war. rcaled

in a glass tube under nitrogen and heated at 120 C f'or 48 hro. The product was

dissolved in methylene chloride, and dried, over ma, ;nuti=u -. Ufate. 1heroval of

solvent under vacuum Cave 3.31 g (92%) of a colorless oil, wzich proved to be an

equal mixture of Z and Z Isomers of' the title compouiW. Tho isoners. wure serarated byi



E isomer proton M-Li (CDC1 3 ):O Y.1U (t, " Ii, JHF= 15 liz, zCl), 0.33 v.

(t, 9 H, siCI3) .9r. IsSN11 (cLIx;) 85- : (t, 3 F. CF3) 108.4 (q, Z F,

I-_2), 124 (m, 8 F, T2) anI 127.6 ppm (m, 2 F, ICFCi'._); Z isome--r proton

NZ4 (cc 3 )S6.58 (t, J11r- 12 1!z, I. H, =CIO, 0.25 vpln (s, '9 1, iL3)

F NM9 (CDC1 3 ) t 65.2 (t, 3 F, C 3 ), 1n.8 ( i, , =c 2), 1,, (m, 8 F,

] CF2) and 127.6 ppm (m, C' F, =CCF,_CF,).

Anal. Calcd for C12H13 F 15ISi: C, 24.14; I, 2.19; F, 47.7'; 1, 21.25.

Found: C, 23.93; H, 1.99; F, 47.60; 1, 21.57.

Reaction of 1,4-DiiodoDcrfluorobutane with Trimthylsi ylacetylene. A

mixture of 1.4 g (3.0 mmol) of 1,4-diiodoperfluorobutane, 0.90 g (9.2 mmnol) of

-1 trimethylsllylacetylcne and 0.2 g (1.4 zmol) of di-t-butyl reroxide was heated

in a sealed tube for 6 days at 120 0C. GC analysis (150-185rC) showed 7 conpo-

nents, 12%, 23%, 2', 13,-, &1, 2'L and 3% of the sar..ple, rcrpectivcly. The

first component consl-ted of 1,!;-diiodoperfluorobut.anic and trimcthyi ilylace-

tylene. The second, fifth an last componerts were not identificl. Th(c third

component identifiod a:- (")- . dizdu-l-tri:.ethyll -,, ,,,5,,-oct fuoro-

hexene: IH IIMR (C U1yS7.12 it, J = 15 lIz, 1 II, lC-c), 0.35 p1, 1 (t, J 1.5 11z

9 H, Qi'3 ); 1 9F WR (CDCI 3 ) * 64.8 (t, 2- F, -L72I), IO. ( , F,

-C-C() 1c), 114.8 (ri, 2 F, C U.o), 13.1 4 pr (t, ' ', Cf ).

Anal. Calcd for CgH 1oF8I 2Si: C, 19.58; II, 1.83; F, 27.53; I, 45.98.

Found: C, 19.70; 11, 1.76; F, -'7.39; 1, 45.70.

The fourth fraction convisted of a 1:1.5 (E)i'(Z) lsor.xr mixture of the above

compound. Assignmcnts for the Z isomer art as follows: 'B -.M (CDC1 3 )

I 6.6o (t, TKF* 12 Hz, 1 H, C=i2_), 0.22 ppm (, 9 I, -C03); 9 F I4 (CDC1 3 )
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64.8 (t, 2 F, -C1), 112.0 (q, 2 F, -C_2-C(H)-C), 114.8 (m, 2 F,

A i r), 123.4 (t, 2 F, Th). e sixth component was an (E/E)/(Z/Z)/(E/z) mix-

ture of 3,3,4,4,5,5,6,6 -octafluoro-1,8-dioda-1,8-bis(trimethylsilyl)-1,7-
' 19

octadlene: F I" ( )c1 3 ) 1 116.9 (m, 2 F, -K-C(H)=C, E-isomer),

117.9 (m, 2 F, -CF2-C(1I)=C, 2 -isomer), 120.0 (m, 2 F, CF2 ), 132.1 (m, 2 F, C2),

134.0 ppm (m, 2 F, 0 2 ); IR (7ibi) 3005 (Si 013), 2950 (Si M3), 1585 cm (C=

Anal. Calcd for C14%OF8I 2S1 2 : C, 25.86; E, 3.10; F, 23.37. Found:

C, 26.17; H, 3.01; F, 23.81.

* Reaction of Tetrafluoro- 1,2- diiodoetlane with Trimethylsilylacetylene.

A mixture of 0.106 g (0.30 mmo1) of tetrafluoro-1,2-diiodoethane, 0.088 g

(0.90 mzol) of trimethylsilylacetylene and 0.007 g (0.05 mmol) of di-t-butyl

peroxide was heated in a sealed tube for 36 h at 1200C and 25 h at 1500C. GC

(130'C) shoved that the major product was (E) and (W)-3,3,4 ,4 -tetrafluoro-1,4-

dilodo-1-trimthylsilylbutene: (E) isomer 'H NMR (CDC1 3 ) 7.31 (t or

t, J - 14.5 and 1 Hz, 1 H, CF2 C(_l)=C), 0.36 ppm (t, J r 1 iz, 9 H, $IC,3);

1 9F 1m (CD. 3) 466.2 (t, JFFI 8 Hz, 2 F, ICF2 -), 102.8 ppm (m,

2 F, IC' 2 CI_-); (Z) isomer 'l NMR ( OC13 ) S 6.79 (t Of t, J 1 ' and 1 Hz,

1 H, C'2C(l)-C, 0.31 PPm (s, 9 1i, -BICH3) 'FI4 OC 3  68

(t, JFF" 10 Nz, 2 F, I C-), 107.0 ppm (, 2 F, I 2 F- )

Anal. (aicd for C7HoF412SI: C, 18.60; H, 2.23. Found: C, 18.65;

1, 2.05.

3, 3, jp,5,6,6,7,7,8,8-Dodecafluoro-1. 1O-diiodo-1,9-decadiene. A solu-

tion of 0.5 g of potassium hydroxide and 1.0 g (1.3 rool) of 3,3,4,4,5,5,6,6,

6



7,7,8,&dodecfluoro-1,l0-diodo-1,0-.bis(trimethylsilyl)-l,9-decadliene in

20 mL of methanol uus allowed tc stand for 18 h. ne solution was diluted

vith 100 mL of water and the I-roduct was extracted with 2-50 ..iL portions of

methylene chloride, vashed with water, dried over natnesium sulfate and

stripped of solvent to -ive 0.L6 4 (56.5%) of a pale yellow oil that solidi-

fied on standing. An analytic..1 sample was obtained by GC: mo 42 44C;

'H IM (DCI 3 )S 7.22 (211, JID -- 6 Hz, J, 3. - liz, CIII), 6.60 pIm (P ]I, J11.

16 Hz, jHF-12 Hz, ci); 1 9F ?I.,. (CDCI 3 ) ( 113.6 (m, 4 F, CF,), 122.8 (M, 4 F,

CF2) :124.4 ppm (m, 4 v, C'2).

Anal. Oalcd for ClH 4 F§.I2: C, 19.82; I, 0.66; F, 37.62; 1, 41.39.

Found: C, 19.93; H, 0.72; F, 3(.40; 1, 41.78.

A,3,4,4,5,5,6,6,7,7,8,8-' olocafluoro-l,9-,k.cadlyr. . i mixture of 15 t

of potassium t-butoxidc and 2'5 ml. o: methylene chluride was stirred under

nitrogen at -20°C anid 12.8 .(.017 mole) ol',li-diiodo-1,±C-bi:(trimethy1-

silyl)-3,3,4,4,5,5,6,U, 7,7,8,6-dod:cafluoro-l,9-decadiene wa, added dropwize.

The slurry was stirred for I hr at -20 O and for 4 hra at O0, and then i00 wj.

of 3 X hydrocllorlc acid was nidded. The mixture was stirred for 1 h, and the

ort;anic layer was washed with .nter, dried and distilled to rCive 1.9, ,; (32.5%)

of the title comound, bD 55-59' (15-20 ra): ']1 imi (CDc1 3 ) 52.93 ppm (t,

2 H, JHF= 4.5 Hz, c1); 19F .l (CDC1 3) 2.O2 (m, 4 F,oc-CF2), 123.0 (a,

SF, 8-CF) and i4.4 -r (-, 4 F, -CF2 ); 111 3350 (CIi), 2200 (C=C) and 1165

cm (cy ).

Anal. Oiled for C o,,FI2: J, 34.31; H, 0.57. Found: C, 34.08; H, 0.56.

Alternatively, 1, 8-dia(: bieylo5.4.O] undlcc-7-e (DBU) wa. used for the
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eliuimtlon. To a solution of 20.0 g (0.0256 mol), of 3,3,',4,5,5,6,6,7,7,8,

8-dodecafluoro-,ilo-diiodo-llO-bis(trimethylsilyl)-1,9-decadiene in 160 mL

of freshlWy distilled tetr ydrofuran at -250C under nitrogen was added, over

a 10 min period, 8.8 mL (0.08 mol) of DDU. The mixture was stirred for 1.5 h

at -250 C and was filtered. The precipitate was washed with pentane and the

combined solutions were washed with saturated sodium chloride solution and

filtered through a short column of basic alumina. Distillation gave the di-

acetylene in 45 to 72% yield.
3i3" 1 j41 5t5, 6 " 6 ,7P7" 8 8 ' ,910,10-Hexadecafluoro-l,11-dodecadiyne, 3,3,

-4, 5,5. 6, 6,, 7,7, 8 ,8,9,9,l0,10 ,ii I 12l 12-Eicosaf uoro-l, 13-tetradecadine,
and 3, 3, ,,,5,6,6,7,7,8,8,9, 9, i0,0,1i,1I, 2 -Tetraeicoa-

fluoro-l,15-hexadecadliyne. A slurry of 3 9 (26 mmol) of potassium t-butoxide

in 40 mL of methylene chloride wus stirred under nitrogen at -20CC while 8.2

of a solution of (Q1 3 ) 3 Si C-(Cb') 8aI=CISi(Ci 3 ) 3, (zH(3 )3  aI;C)1 0  = I - i.

(013)3, and ( 3 ) 3 SiIC=H(CF2 ) 1 tQi-as-( a 3 ) 3 in W0 mL of mthylene chloride

was added dropvise. The reaction mixture was stirred for 1 h ut -200C and for

3 h at O°C. Potassium fluoride (1.5 g) and 25 mL of t-butanol were then added

and the mixture was stirred for 3 h at ambient temperature. Methylene chlo-

ride (100 mL) was added and the solution was washed with five 100 ML portions

of water, dried over magnesium sulfate and stripped of solvent. The residue,

anlyzed by GC, as shown to contain 1.3 g of HCzC(CF2 )8 C--C , 0.73 g of HCaC-

(CF2 )IOC&01 and 0.22 g of HCaC(CF 2 )12Cs- (total yield 500). Analytical sam-

ples were isolated by GC.

Hexadecafluoro-l, ll-dodccadiyne, HC-C( CF2 )8 C7ai was a colorless liquid:

proton VR (DC 3 )A 2.914 ppm (t, JHF= 4.5 Hz, CI); 19F 1#2 (CDC1 3 ) 102
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(q, 4 F, cc-CF 2 ), 222.8 (m, 8 F, internal fluorines) and 124 ppm (m, 4 F, 3-CF2);

IR 3355 (CH), 2195 (C-C) and 1190 cm- I (CF2).

Anal. Galcd for C12 2F16 : C, 32.02; H, 0.45. Found: C, 32.44; i, 0.55.

Eicosafluoro-l,13-tetradecadiyne, HC-C(CF2 )oC-CH, was a colorless oil:

'1 MR (C C13) 2.94 ppm (t, JHF= 4.5 Hz, CH); 19F 14 (CDCI 3 ) 102

(a, 4 F, t-C'2) , 122.8 (m, 12 F, internal F) and 124.2 ppm (m, 4 F, p-CF2);

IR 3355 (CH), 2200 (C=C) and 1195 cm-  (cF2 ).

Anal.. Caed for C1  _2F2 0 : C, 30.57; H, 0.37; F, 69.07. Found: C, 30.27;

H, 0.38; F, 68.84.

Tetraelcosafluoro-,15-hi,:adecadiyne, HCr-C(CF2 ) 2 CclI, war a white solid
mp54-560: Rl MUR (CDCI3l q. (t, JHFff 4.5 liz, C21); :FI:U LC3

102 (ma, 4 F,a(-LT2 ), 122.8 (,1 16 F, internal F) and l24.iJ ppr, (i, 4 F,, JA-cF2 );

lB 3355 (Ci), 220Q (c=') and !I cN (c ).

Anal. QIcd fo" CI6 2 F1."4 : 2, 29.5(; i, Q.31; F, 70.3. Found: C, 29.30;

H, 0.31; F, 70.23.

3,3,.4.,5,5,6,6T,7t7,8,8 ,9,9-Pentadecafluorononyne. ro lo.o g (o.0i68 rel)

of 3, 3, 4, 5 P5,6, 67,7, 8, 8, 9, 9, 9- pcnadecaf1uoro -i 1od -1-(tri Wthyl llyl) nonene

In 60 mL of tetrahydrofuran at -250C was added, over a period of 10 min, 5.6 mL

(0.0505 rel) of DBU. The mixture vas stirred at -250C for 2 h and was then

filtered. The precipitate was washed with cold pentane. The combined organic

solutions were washed with brine, filtered through basic alumina and distilled

to give 3.25 g (39%) of 80% pure (by GO) 3,3,h, 4,5,5,, 6 6 ,7,7, 8 ,8,9,9,9-jenta-
decafluoronomyne contaminated with silane biproducts (bp 120-155°C). An analy-

tical sample was isolated by GC (78 0 C): 'H NMR (CDC1 3 ) 2.93 (t, J- 6 Hz,E-CH);

19? as (cDC13) 4 85.1 (t, J 10 1Iz, 3 F, L73) j2.4 ( 2, 2 W2), 113.4
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, , c7 2 ), 124.2 (m, 6 F, CF2), 128.0 ppm (m, 2 F, CF2).

Anal. Caled for C91IF 1 5 : C, 27.43; H, 0.26. Found: C, 27.51; H, 0.28.

(E) -3,3,. ,5,6,6, 7,8, 9, 9-Pentade cafluoro-l- jodo- l- phenylnonene.

A mixture of 3.0 g (6.0 ,mol) oi perfluoroheptyl iodide, 0.60 g (6.0 mmol) of

phenylacetylene and 0.5 L, of d l-t-butyl peroxide was se-.led in a glass tube

under vacuum and was heated for 48 )1 at 1200 C. 11e product was ditsolvd in

methylene chloride, dried over :-agnesium sulfate and stripped of solvent to

give 3.24 g (89%) of essentially pure (E)-3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-penta-

decafluoro-l-iodo-l-phenylnonene. An analytical sample was isolated by CC:

mp 49-51 0C; 'R NMI (CDCi 3 ) 7 . 20 (s, 5 I, COO11), 6.51 ppm (t, JH,F= 12 Hz, 1 II,
H); 19F NM (CDe 3 ) 85.6 (t, 3 F, CF3) i08.O (q, 2 F, CF.,), U3.6 (m, 2 F,

A a__2 )p 124.4 (mn, 6 F, C 6F2), 128.0 ppm (, 2 F, CF2).
Anal. Calcd for C15Z16Fl51: C, 30.12; H, 1.01; F, 47.65; 1, 21.22..

Found: C, 30.18, H, 1.22; F, 47.30; I, 21.10.

l-Phenylperfluorononyne. A solution of 3.0 c; (5.o4 riol) of 3,3,4,4,5,5,

6,6,7,7,8,8,9,9,9-pentadeeafluoro-l-iodo-l-phenylnonc.ie in 20 mL of dry lrethe-

lene chloride was added dropwise to a stirred suspension of 1.1 g of potassium

t-butoxide in 40 mL of dry methylene chloride at -20°C. The mixture was stirred

for 1 h at -20 0 C and fur 2 h at. 0°C. The mixture was stirred for i h with 20 mL

of 3 N hydrochloric acid. The orranic layer was w:.:;hed with water and dried

over manesium sulfate. Solve-t was removed to g1iv,, [.. ; ([S) of eszcn-

tially pure l-phenyl-rfluoranonyne. An analytical Lani21e w-as obtained by GC:
19

-H WIR (CDCi 3) 47-33 -,Pm (m, 5 iC0H 5 ); iFH(4.(t3 ,F)

100 (t, 2 F, C 2), 12.2.8 (1, 2 F, CF2), -4.0 (M, 6 1", -T. 17.6 ppi, (in, 2 F,

Cl'2)'

Anal. Calcd for C1 H5 F;5: C, 38.32; II, 1.01; F, 60.61. Frouid: C, 37.85;

*1(



H, 1.14; F, 59.37.
(_.___-___3,_,,_ , ,__6 6 -_ _._:.' a 

-~rl Jo 1 9- t i s(ior~ne tr yld i m-thyl-
(E.'E)-3,3,4,4.s.5 QJy3-rodcafioro-

*ilyl)-1,l0-bis(trimethylsilyl)-l,9-decadiene. A mixture of 3.7 g (0.0066 mol)

of 1,6-diiodoperfluorohexane, 2.3 C (0.0133 tool) of bis(trimethyisilyl)acety-

lene and 0. 5 mL of di-t-butyl peroxide was sealed und.-2r vacuua in a heavy-

walled glass tube and the tube heated at 10C for 48 h. The mixture was

dissolved in 50 mL of =ethylene chloride, washed with 3-50 mL portions of

water, dried over magnesium sulfate, and stripped of solvent with a rotary

evaporator to give 4.5 g (75%) of essentially pure product (14R) as an off-

white solid, mp 62-68°C. Recrystallization from methanol 0i301 afforded an

analytical sample mp 68-70°C: '4 M41 (CDCl 3 ) 6.83 (br s, 2 1i, ClI), 2.C8

(s, 4 H, Cl2 1), 0.35 (r, 12 H, 213 ), 0.17 ppm (6, 18 F, l 3 ); N NR (c MC 3

iO4.4 (m, 4 F, M'2) , V20.4 (':., 4 F, CF2) , 123.2 pFvi (;, F 2)

Anal. Calcd for C-2 3 6 YjI 2 &.I64 : C, 29.54; 4, 4.06; 1, 28.37. Found:

C, 29.38; H, 4.37; 1, 27.99.

(E)-3,3, 4 , , 5 :_. e !af .k ro 2-( o re__eth )di me thyl s ilyl- l-t riniethylsilyl

pentene. By the above proce-iure, 0.300 9 (0.001 mtol) of pcrfl'iorvpropyl

iodide, 0.170 g (0.001 tool) of bis(trimethylsilyl)acetylenu and 0.25 ml of

dl-t-butyl peroxide gave 0.40 g (84 ) of the title compound. An analytical

sample was isolated by GC: '"i "Ml (CZC 3 )J6.65 (br a, i H, i), 2.07 (s,.

2 H, C21), 0.37 (s, 6 H, a13), 0.18 ppm (s, 9 H, C{ 3); 1 9 F NI (MC1 3 )

84.8 (t, 3 F, CY3 ), 105.2 (d, 2 F, L 2 ), 124.8 ppm (s, 2 F, C2)

Arna. Cled for Cflhll8F.]Si 2 : C, 28.33; H, 3.89; F, 28.52; I, 27.21.

Found: C, 28.12; H, 3.77; F, i'.52; I, 27.145.
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"-3, 3,4,4, 5,5,,6,7,7, 8,9, 9, 9-Pentadeaf luoro-2- (iodomethyl)diethyl-

s1tyl-l-trimethylsilylnonene. By the above procedure, 0.50 g (0.00O1 wol) of

perfluoroheptyl iodide, 0.170 c (0.001 ool) of bis(trimethylsilyl)acetylene and

0.25 mL of di-t-butyi peroxide tgave 0.56 g (85%) of the title compouid. An

analytical sample was isolated by GOC: ',* N (CDC]3) 6.71 (br ::, 1 11, CH),

2.05 (s, 2 H, CR21), 0.33 (s, 6 i, 013) 0. l8 ppm (s, 9 i, 2i 3 ); 19. W (MCI3)
j-i 85.2 (t, 3 F, CF 04.4 (r, 2 F, 12) 0 120.4 (m, 2 F, Ci), 123.6 (m, 6 F,

CP'2),- 12. ppm(m 2 F, CFL) IR (film) 3010 (CL3 ), 1200 cm (F)

, Anal. Ca1cd for C 2HI8F 5ISI 2 : C, 27.04; H, 2.72; F, 42.77; 1, 19.04.

Found: C, 27.14; H, 2.78; F, 4'.54; 1, 16.91.

1,L1-Bis(trimethylsill)!:.,'rfluoro-lll-dodecadiyne. A iiavy-wallcd zIly-

lated glass tube, loaded with 4.2 Z (0.025 Mol) of bis(trimethylsilyi)-tcetylene,

5.0 g (0.00765 mol) of 1,8-di'.odoperfluorooctane and 0.024 g (0.0001 mol) of

iodine, was evacuated at -78°C, filled with nitrofen, and sealed. Tne tube was

heated at 2000C for 57 h. Bulb-to-bulb distillation at 90-I0oC (U.02 to 0.05 mm)

gave 3.91 g (86%) of 1,12-bic(trimethylsilyl)perfluorododeca1-,l11-diyn as a

pink liquid (>97% pure by GC). An analytical sample was obtained by prepara-

tive GC at 125°C: 'H h. (CDC-.. C1,C1,0) O.37 (s, S :; 19 ,);

(CDCl 3 , CFC13 ) 1OO.8 (i, 4 .', -"F, CaC), 123.2 (, 8 F, 1'4), 2.3 ., .

4 F, CF2 ); IR (film) 30CO (Sit- 1(0i43 ),,2"YJ (C.-c), 12c00 (C;.

Anal. Calcd for 022lll3!:i-.: C, 36.37; ii, ""una: c.

36.18; H, 3.00; F, 50.9).
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3 3a4,),5,5,6,6,7,7,8,8, 9,9 lo1-ilexadecafluoro-1, ll-dodecadiyne. A

mixture of 38 4 g (0.0646 mol) of 1,12-bis(trimethylsilyl)perfluoro-l,ll-do-

decadlyne, 60.7 g (0.646 rel) of potassium fluoride dihydrate and 150 mL of

methanol was stirred at room temperature for 20 h. Saturated sodium chloride

solution and ether were added and the phases were separated. The aqueous

phase vas extracted several times with ether and the combined ether solutions

were mashed with brine, dried over magnesium sulfate and distilled to give

23.0 g (79%) of the diacetylene as a pale pink liquid: bp 85-900 C (30 mm);

19
.3 m (CDCl 3) 2.94 ppm (t, F 4.5 Hz, C-C-1l); F IRC (CDCl 3 )

102.0 (m, 4 F. %2C), 122.8 (m, 8 F, -CF2C), ,24.0 ppm (m, 4 F,

CCF 2CF2 CF2 CW); IR (film) 3355 (C-H), 2195 (C=C), 1190 cm ( 2).

Anal. Caled for C32H2FI6 : C, 32.02; H, 0.45; F, 67.53. Found: C,

32."; H, 0.55; F, 65.56.

l-Trimethylsilylperfluorononyne. A mixture of 11.8 g (0.)7',j mmoi) of

bis(trimethyleilyl)acetylene, 30.0 g (0.060 mol) of perfluq .,tyi. ' e

and 0.022 & (0.00009 mol) of iodine was heated for '(I h at "200 OC in a Monel

bomb. The product was dissolved in methylene chloride, washed with ;odium

thlosulfate solution, dried and distilled to give 18.4 g (65%) of 1-trimethyl-

silylnonYne, bp 39-40°C (0.27 0.37 mm): 'H NM (CM.C 3, C 2 C12 )AO.15 ppm (s,
19?

9R, sis/3); 1gF NM (CDCl 3) 85.6 (t, J = 30 Hz, 3 F, q 3 ), 101. 2 (t,

J--8 Rz, 2 F,-CFC), 122.8 ku, 2 F, 2',12i4.o (in, 6 F, 2' 12.6 p (i,

2 F ); R (film) 3000 (Sicu 3 ), 2940 (siCH), '2230 (CiC), 1200 (C2), 60

CM- 1 (si( 3 ).

Anal. (alcd for C32H9F15s1: C, 30.91; , 1.94. Found: C, 30.98; H,

1.68.
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1-Trim tb__vsilylperfluorooctyncI 1-Trimetbylailylperfluorodecyne and I°

TrtmthyllyperfluorododcCne. A commercial mixture of perfluoroalkyl io-

dides (a' 3 c72 (CF27 2 )2 . 5.I, Hoechst perfluoroalkyljodld 25) was subjected to

the above reaction. Thus, 26.7 g of the mixture was heated with 10.0 g of bis-

(trlmethylsilyl)acetylene and 0.12 g of iodine for 66 h at 200
0C. Kugelrohr

distillation (25-750 C, 0.1-0.02 am) gave 21.7 6 of a mixture of the trimethyl-

silylacetylenes. Samples of the three major components were isolated by preps-

rative GC at 800C. 1-Trimethylilylperfluorooctyne was a colorless liquid:
'H M (CDC13 ) 60.44 ppm (s, -ai 3 ); * F NM (CDCl 3 )

86. 1 (a, 3 F, -CF 3 ), 102.1 (t, J = 11HRz, 2 F, -CF2Cs), 124.14 (m, ;j r, -CCF2C7),

125.6 (a, 4 F, CF3 CF2MC-F2 -), 129.0 ppm (m, 2 F, CF'3 cE-); IR (film) 3000 (C-H),

2230 (CiC), 1200 (CF2), 860 cm (sICH 3 ).

Aal. Celcd for ClldH 'L3i: C, 31.74; H, 2.18; F, 59-33. Found: C,

31.60; H, 2.22; F, 59.12.

1-Trimethylsilylperfluorodecyne was a colorless liquid: 'H NMR (CDC13)193
JO-35 ppm (8, 31 3 ) 1 F IR (cDcl 3) 86.2 (t, J =10 Hiz,

3 F, -cF3), 102.2 (t,J= 11 Hz, 2 F, -F2C&), 125.2 (m, 10 F, CF3CF2 (C?2)5),

.29.2 pm. (a, 2 .F, CF3qF2 ): 113 (±' i=).3010 (c-), '2250 (C-C), 1200 (CF.,)

860 €="7 (siCK3).

Arl. Calcd for C13H9F17 Si: C, 30.24; H, 1.76; F, 62.56. Found: C,

30.13; H, 1.77; F, 62.80.

'-Trimethyl1si1ylperfluorododecyne was a colorless liquid: '|! NIR (cDCl 3 )

4$0. 4 p ( s, -H 3 ); 19F NMR (CDC1y 3 c 3 ) 4 86.0 (t, J - 10 Hz,

3 7, -CF3 ), 102.0 (m, 2 F, -CFj2CG), 124.8 (m, Ai F, .C?2 ), 128.9 ppm (to, 2 F,
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- C F 3 IR (film) 3020 (CH), 2250 (CrC), 1200 (CF2 ), 860 cm (SiC13 3 ).

Anal. Calcd for C1 9F2 1Si: C, 29.23; H, 1.47; F, 64.74. Found: C,

28.59; H, 1.53; F, 63.71.

Reaction of 1-(ITrimethylsilyl)perflurononyne with Methanol. A mixture

of O.40 g (0.86 nmool) of 1-(trir'ethylsilyl)perfluorononyne. 0.6 g (14.3 Lmol)

of anhydrous potassium carbonate and 1.5 mL of methanol was stirred at room

temperature under nitrogen for 15 h. Water was added and tue product vas

extracted into ether. The ether solution ws washed with water, dried over Mngne-

alum sulfate and stripped of solvent to give 0.33 g of a 7.3:1 mixture (by GC)

of l,1-dimethoxy-3,3, 4 ,4,5, 5, 6 ,6,7, 7, 8 8,9,9,9- ntadecafluoononiane (73A) and

1-methoxy-3,3,4 , 4 ,5,56,6,p7,7,8,9,9,9-entadeafluorononene (.t4). Die mix-

ture was separated by preparative GC at 600C. The olefin consisted of a 5.8:1

mixture of Z and E isomers; an analytical sample of the major isomer was iso-

lated as a colorless liquid: 'H hea (CDCI 3 )c 6.31 (d t, JII - 7.2 Hz, J,, - 1.8 Hz,

3. H, C=cOMe), ..44 (d t, Jmi - 7.2 11z, JHF 15 Hlz, 1 1, 2 Ce =), 3.77 pm (5, 3 H,
19

OH o3); FM NM (CDC1 3 ) ' 85.1 (t, J 10 lHz, 3 F, OF3), 108.8 (q, J - 23 Hz, 2 F,

SC2CH-), 124.2 (a, 6 F, CF2 ), 125.6 (i, 2 F, CF2 ), 128.0 (m, 2 F, CF2 ).

Anal. Calcd for C10 1 5FIp.: C, 28.19; 11, 1.18. Found: C, 28.29; I,

1.15.

The dimethoxy compound was icolated as a colorless liquid: H IM (CDC1

4.76 (t, J = 6 11z, 1 ., HI"Ot(0Mc)2 ), 3.39 (s, 6 it, O-3) , 2.40 ppm (u, 2 1{,

19,* ~ac! 2%); F gg (C1 3 ) . (t, J P .10 1z, 3 F, OF3) 12-.2 (;., 3o F, OF.),

128.0 ppm (m, 2 F, CP).

Anal. Oalcd for C UH 9F1502: C, 28.14; H, 1.98; F, 62.20. Found: Q,

28.62; B, 1.86; F, 62.39.
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Reaction of 1,4-Diiodoperfluorobutane with Bis(trimeth isilyl)acetylene.

A mixture of 41 g (0.024 mol) of bis(trimethylsiiyl)acetylene, 10.0 g (0.022

mol) of 1,4-diiodoperfluorobutane and 0.11 g (0.0004 tol) of iodine was heat-

ed by the above procedure for 70 h at 2000 C. Bulb-to-bulb distillation (30-

650C., 0.12 mm, -78°C receiver) gave 7.6 g (81$) of the cyclic adduct as a

purple liquid. An analytical s=ple was isolated by preparative GC (1150 C):

H I (CDC 3  0.50 ppm (t, JF- 1 Hz, 9 H, SiC03 ), 19F "M (CDCI 3 )

104. (a,, 2 F, C2), 113.6 (,m, 2 F, CF2 ), 135.2 (m, 2 F, C2), 136.8 ppm (a,
-1

2 F, (7 2 ); lB (film) 3000 (Si!e. 3), 2940 (Si~e3 ), 1590 cm (C=C).

AnI. Clcd for CoF 8 1Si: C, 25.49; H, 2.14; F, 35.82; I, 29.92.

Found: C, 25.27; H, 2.11; F, 36.02; I, 30.27.

Reaction of It6-Diiodo&rfluorohexane with Bis(trimethylsilyl) acetylene.

A mixture of 1.24 g (0.0073 mol) of bis(trimethylsilyl)acetylene, 2.0 g

(0.0036 mol) of 1,6-diiodoperfluorohexane and 0.12 g (0.0005 mol) of iodlne

was heated by the above procedure for 24 h at 200°C. Bulb-to-bulb distilla-

tion of the product (70-840C, 0.02-0.03 rm) gave 1.09 g of liquid shown by GC

to contain 0.65 g (36%) of 1,10-bis(trimethylslyl)perfluoro-1,9-decadiyne and

0.22 g (12) of the cyclic adduct (see discussion). Analytical san.ples were

isolated by GC at 105°C. The latter was isolated as a pale orange liquid:

'H iM ( C1 3 ) 60.55 ppx (t, J = 1 Hz, -SI(01 3 ) 3 ); 19F N (CDCl 3 ) 4 97.6

(M, 2 F, CF2 C-C, 105.4 (m, 2 F, cFC=C), l1.:2 (m, I P, C72), 126.5 (m, . F,

C?'2), 129.6 (m, 2 F, CF2 ), 130.4 ppm (m, 2 F, C2); IR (film) 30Co

2940 (-Sli 3 ), 1550 cm "1 (c-c).

Anal. Calcd for C11H9FjI2Si: C, 25.20; 1, 1.73; F, 43.49; I, 24.21.

Found: C, 24.97; H, 1.70; F, 4 3 .69; I, 2-.38.
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1, 10-bis (trimethylsilyl) perfluoro- 1,9-de cadjyne was Isolated a n a pale

plk liquid; # H (W(CC) 6 0.27 ppm (, 18 H, -SiC3 3); 19F 14R (CClc 3)

101.3 (ur., i F., ..CIC-C 2 ), 123.4 (i, 14 F, C1, 2 4.8 pp (m 4" F, 'j IR

-1
(011m) 3000 (SiMe 3 ), )p21o (SiMe3), 2220 (C-C), 1 20j (CF2 ), 660 cm (Si3).

Anal. OCled for C 16H8 1F 2Si2 : C, 8.886; 11, 3.67; F, 46.11. Found:

C, 38.72; H, 3.67; F, 46.25.

References

I. This work was supported by the Office of Naval Research.

2. Haszeldine, R. N. J. Mcem. Soc. 1950, 3037.

: i3. Did_-a 1951, 588

4. aiaszeldine, R. N.; Leedhu%;,, K. J. Chem. Soc. 1952, 3483.

5. Henne, A. L.; flager, M. J. Am. Chem. Soc. I , , 19J42.

6. LeBlanc, M.; Santini, G.; Jeanneaux, F.; Hiess, J. G. J. Fluorine

Chem. , 1, 525.

7. Bedford, C. D.; Daum, K. J. org. Chem. 193_, 4, 347.

8. KIunyants, I. L.; Khriakvan, S. P.; Zeiftun, Yu. V.; Shokina, V. V.

Izv. Akad. Nauk SSSR, Ser. .him. 1964, 384.

T. Takahashi, S.; Kuroyw:a, Y.; Sonogashira, K.; llagi ara, N.

Synthesis 198o, 627.

i0. Austin, W. B.; Bi1ow, R.; Kelleghan, W. J.; L:w, K. . Y. J. Ore.

Chem. 1981, 16 20

11. Zweiel, G.; M'rray, R. ; On, H. P. J. OrA. Chem. . 16, 1292.

12. Brace, N. 0.; Van Elswyk, J. E. J. OChem. 196, 1, 766.
13. Frdll'a, R. K10.; Terent'ev, A. B. Acc. Chen. Res. 197_, 10, 9.

Piecardi, P.; Maseardo, P.; Modem, M.; aSntoro, I. J. Chem. Soc.

Perkin 11974, 1848.

14. Reszeldine, R. N. J7. Cw-. Sac. 1922, 34~96.

21



11472-3/33 472GM:n7Ltinj
70"472-408

U2CICAL M3103 0ZSTIflEN S?. 3S6A

see

or. Stephen M. Carr teat!un ACSeaJ
Depavtmenc of XEacaniaJla Science Attn: ". No Auzalome, ftilding 3401
3orthwescarmudiJvevsilty SIIA-fl'*0

Illioa 11nois 60201 1.*elwZrsa 70

Dv. X 8oeduflcOr. J. K. Gtlibh
BW3I Propea~ss Secilou Departmeac of Cheuiscrz
latuml -Srm of Standards Princeton Uiversity
LI.* Depenneanc of Comece ftinceca, Nev itesey OSJ.O

liikt~om. D.C.- 20234 2
Or. o . Baeer

* Prof assor Go 4kitesides Department of S?.1cIJ
Deparont of CASISC27y Science
:4assachusetca Zustizuce of TZcu1g Case Western Meaer70 University
Cambridge, 1.mschusects 02139 Cleveland, Ohio 441061

*Dr.0 D.* LO UhjIn.n or* t. Do ?a*
Department of Hfeafluzy Deparcamc of Mec~as and

4k Material Sceo=e Xat ez±als Scisne
* Xssechusucs Tinstitute Zucgers Univers ity

of ?echmaoa.ogy 3 rusViCk, 3evW Jersey 089031
Cambridge, Massacbmsacts 02139

NASA-.evis Uesearch Cencer
Naval Surface Weapons Cancer Attn: Dr. T. T. Sexafinit, flS-49-1I
Actus Dr. i. so A11081 21000 Sroolpark load

or* S. &acson Claveland, Ohio 44135
Wits Oak
513.,.: Spuing. Mfary~and 20910 1 Dr. Charles R. Sherman

Coe TD 121
Or* G. Goodm Oal Underwater Systems Cancer
Globe Union lacor-porated Now London, Conecticut %06320L
5757 Sorth Green 3ay Avenue
1l.wukae, Wi.sconsin 33201 1 Dr., Wiliam Uisen

* Department of Chemistcry
Professor Satsum Isbdsa Brow Utiversicy
Depeytzeuc of 'arownlecular Science Providence, 1hode Island 021921
Case-VJesterm Reaserve University

*Cleveland., Oklo "1116 1 Dr. A.Lam Gent
Departme-ac of P"yics

.Dr. David Soong University of Ak-.u
Deparcmenc of Chemical. Zngiatreenii Akron, Ohio 4&3041
aiveusity of Calf *=nI&

*3erkelay, C-14 ornia 94720 Mr. Ubert T. *oues
Advaiced P-cojects Manager

Or . Curtis 1. ?raoh Rghas A.Lcraf: Company
'3epartment of Cheulcal tainieering MALI Station 2 t32
S0-aaford 1.oiersicy Csa1~er Ci4t7, California 90230
StsaEard, Callfornia 94305



8,1472-3/17 4 72 :GA:716:Lab

?ZCMCAL RZ1IT ODtSThzwloz .zST. 356"

Dr. C. C I air. J . A.vinso
Ieeah tnstuce ececials Research Cancer

10 946c 35 Sltmt Lesib nvecstru7
Chicao, tU-1ots 606L6 2 sechlehwe, .Sennylvania LSO135

Or. Z. S. e Dr. L. F. !e1:weLch
eactsc of of aceriaLa Science Contract RD&z
end heaOzcocal. Ztawneerng Dov Chemical Co.

U nveruicy ot Cincinnati XIdla*4, ichigjan 48640
C.acinnrac, Ohio 43221

Dr. 1. S. Porter
Or. Robert Z. Cohen Depatenc of Polymue Science
Che.caJ. SUSIecutga Depautmnt and tagineearng
Massachsetts Inasc.t.r of Technology luveru t:y of .ssachusects
CambriLdge, Ma sahuset s OZL.39 I Aahrsc. %fassacuects 01002

D. T. P. Coaln, Jr., Code. 3622 Pvofesor Garth U1Jkes
SandLa Laboracories Department of Chemica. Ingneeang
Saudi& Corp wat c Virginia ?oL7tachnc Inscituce and
ALbuquerque, Nev .exico .State CnaversLt

Ilacksburg, Vi.r:gia 24061D r. Na:rtin Kau mn, Read
S-aterias Research hunch, Code, 4542 Dr. Trt U3Ua

Naval 94apous Center fluaiocheu I:c.
Chin Lake, California 93555 1 M S. Ayon Avenue

As=&, Calif owui 91702
Protessar S. Seatur a
Deparemnc of iec ui al Engineering hvofesor C. S. Palk Sung
Massachuects: Institute of Tchnol*Lv Depa tzet of Maerials Sciences and
Cambridge, MIssachusetts 02139 1 9"tIneertgt .oU S-L09

MUesschusects nstitutce of Technology
Vt. T. J. aeAhart, Jr., Mhef Cambridge, Maasachuaects 02139 1
Composite and fibcLos .acerfAls 3ranch
.foaica.Ullc Mater als l-vlton Pvofessor lBran wun
Departmnt of the AU fre Departme t Tof 'nechacs and

'r force ltae%.s Laboratory (AnSC) .AertalS SceOUeR
WrightoPatttcms AIS, ho 4 433 1 utgers, The State Vanversity

Piscatavay, %ew Jersey 088"4
or. .. Lane
Department of UcXwlecilar Science Dr. John Lundbarl
Case lestrn Reservi 7niversit7 School of Textile Engineering
Cleveland, Ohio "106 Georia ::sc,:u: of Tlechnolngy

Atlanta, Geoclia 30332Di. 4'. ;,'hte.
Chemical end Mecalur -cal ingiLeecing
Iniversicy of "ennessde

.uvi11.e, Tennessee 37916 1



1 1472-31M472:GWs: :. i
78S472-600

Off of y a ewch V*. "Ay ieoerch Office
,teas Code 472 J zAn: RD-A-IP
m A b'fA oim ss |l t P.0. Bo 1211

Alrgtt, VIrtaLa 22217 2 ;esearch Tranale Park, S.C. 27709

,mi mseama Wa~wa Offi Nal Ocean systems Center
A m VC. a 3. Smemu Atn: Mr. Joe mccartey
1030 lZmt Green Stowe 61n Dieo, Calorni 921S2
Sasadeus, C.alfouni 9106 1aval. Weapons Center

o tern m l Office hIt: Dr. A. '. Amer,
Almas D.. Plebles Chmstry Division
hilding 1146, $I"1" 0 Cua Ltak, California 93555 L
6" Smer Stoe
Boston, ) amachusetts 02210 1 hmal Civil ,, Enineern Laboratory

Alt.: Dr. Le W. Drisko
trector, Naval Research Laboratory o bu eum, California 93401

Altaz Code 6100
Washington, D.C. 20390 Delpartment of Physics & Chmistry

NIl Postgraduate School
Tb. Assistant Secretary S oratey, California 93940

of the Wavy (WAIS)
Deartaet of the Na"y Sientific dv.sor
loo 4g7369, l rtaon Cminculn of the Marine Corps

ashlingcoa, D.C. 20350 (Code RD-I)
Washington, D.C.. 20380C uit, Naa Air Syscms Cinnud

Anm: Code 310C (M. Romeasa ) Naval Ship Research and Developint
Depermca 41 the Navy Center
Vashbinpoe, D.C. 20360 1 Atn: Dr. G. Bomeajian, Applied

Chn sa cry Division
efame 7echuleal Infor ton center Amapolis, Maryland 21401

building 3, Cmom Station
Alexandria, Vigi.ia 22314 12 Naval Ocean Sysnem Center

Attna Dr. S. Ysammoco, MArins
or. Fred Smalteld Sciences Division
Moslem Divislon, Code 6100 San Diego, California 91232 1
eveL Research Laboratory

VashulcoN, DoC. 20375 1 Mr. John Bo1
Materials ftanch
Saul Ship Engineering Center
Philadelphia, Peumyltenia 19112



4I7sGW: flG:.uij
7&1472 .. 08

7111

UIZC U?03. DZTIhUIO1 LZ ST. CM l

"~ hflS9U mg yb7A~ 21402

bY Nm jawey 07801 1


